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The role of dopants in high Tc superconduc-
tors is widely believed to be limited to introducing
hole carriers into the CuO2 planes of otherwise insu-
lating parent compounds. This simplified assump-
tion is partly driven by the lack of information on
the local atomic and electronic structure around
dopants. While experimental evidence favoring
inhomogeneous charge distributions of the doped
holes is still mounting [1], the role that dopants play
in determining this inhomogeneous ground state, if
any, is still unclear. Since high Tc superconductors
manifest strong carrier-lattice interactions, as evi-
denced in the presence of Jahn-Teller distorted
CuO6 octahedra, structural techniques can provide
information on the spatial distribution of doped
charges through the structural response. The x-ray
absorption fine structure (XAFS) technique is par-
ticularly suited for elucidating such response around
dopants as it is element specific. By tuning the x-ray
energy to an absorption threshold of a dopant,
XAFS determines the partial pair correlations
between the dopant and its neighbors. This is impor-
tant since Sr dopants substitute at majority La sites,
and techniques that sum over all pair correlations
are dominated by those involving La host atoms.

We present evidence that doped holes are spa-
tially correlated to Sr dopants in La2-xSrxCuO4.
This is seen by the structural response of the Sr-O(2)
distance across the x ~ 0.06 insulator-metal transi-
tion, while no response is observed for the La-O(2)
distance, indicating that the doped charge density is

not uniformly distributed and that the dopants play a
role in determining the inhomogeneous charge state.

Our experiments are performed on c-axis
magnetically aligned powders to exploit the angular
dependence of XAFS in these anisotropic, layered
cuprates. Measuring a subset of the local structure
around the absorbing atom allows for a complete
determination of its local environment [2]. The
main advantages of this method over single crystals
are (1) control of sample thickness enabling trans-
mission experiments at absorption edges of concen-
trated elements (La K-edge and Sr K-edge for x ≥ 0.04),
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FIG. 1. Special geometry used in the c-axis mag-
netic alignment of powders of La2-xSrxCuO4, allow-
ing the measurement of c and ab polarized fluo-
rescence XAFS in identical geometries; i.e., E form-
ing 45º with the surface's normal.
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and (2) control of c-axis orientation relative to sam-
ple’s surface for fluorescence experiments at
absorption edges of dilute elements (Sr K-edge for
x ≤ 0.04). The latter allows measuring c and ab-
polarized fluorescence XAFS in identical geometries
[3,4].

Orientation-dependent spectra were taken by
rotating the oriented samples relative to the electric
field vector E of the incident x-rays. Experiments
were performed at beamline X11-A of the National
Synchrotron Light Source (NSLS, Brookhaven) and
at beamline 20-ID-B of the Advanced Photon Source
(APS, Argonne).

Figure 2 shows local Sr-O(2) and La-O(2)
apical distances determined from c-axis polarized
XAFS at Sr and La K-edges as a function of Sr con-
tent in La2-xSrxCuO4 at T = 10K. O(2) oxygens are
apices of CuO6 octahedra, and the La/Sr-O(2) api-
cal bonds nearly coincide with the crystallo-
graphic c-axis [5].

The local Sr-O(2) apical distance is signifi-
cantly longer than the local La-O(2) distance. Their
weighted average, ([La-O(2)]*(2-x) + [Sr-O(2)]*x)/2,
agrees with the values obtained by crystallography,
as expected (lower panel of Fig. 1). A longer Sr-O(2)
local distance is explained by the weaker attraction
of a negatively charged O(2) ion to a divalent Sr2+
ion than to a trivalent La3+. The local La-O(2) dis-
tance is nearly independent of x, and therefore the
average expansion of the La/Sr-O(2) distance with x
is due to the increased weight of the long Sr-O(2)
distance. A more striking observation is the change
in slope in the x dependence of the Sr-O(2) distance
at x ~ 0.06, while no such change is seen in the 
La-O(2) distance. We recall that in La2-xSrxCuO4
an insulator-metal (I-M) transition takes place
at x ~ 0.06. The fact that the Sr-O(2) distance
shows a large response to the delocalization of holes
at the I-M transition, but the La-O(2) distance does
not, is  direct evidence that a spatial correlation
exists between the doped holes and the dopants that
introduced them. This might not be surprising,
since, at low Sr concentrations, the dopants’ poten-
tial is poorly screened, and it is energetically favor-
able for a doped hole to remain in the vicinity of the
Sr. At larger dopant concentrations, screening
becomes more efficient but remains poor at very
short distances, so the doped holes, although itiner-
ant, are expected to have significant weight in the
vicinity of the dopants.

The structural response to the change in local-
ization of the holes also shows that there is a strong
local interaction between the doped hole and the lat-
tice at the dopant sites. We believe this is the first
direct experimental evidence for a spatial correlation
between dopants and doped holes, although a simi-
lar conclusion was derived from the interpretation of
NQR data by Hammel et al. [6].

Our experiments with La2-xSrxCuO4 provide
evidence for a spatial correlation between doped
holes and the Sr dopants that introduced them. A
strong hole-lattice coupling in the vicinity of the
dopants allowed us to observe this correlation
through the structural response of the dopants envi-
ronment as the holes delocalize at the I-M transition.
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FIG. 2. Local Sr-O(2) and La-O(2) apical distances
obtained from c-axis polarized Sr and La XAFS at
their K-edges at T = 10K (top). Sr measurements
were done on samples prepared by solid-state
reaction (circles) and by precipitation from solution
(squares, crosses) and at different synchrotron facil-
ities (APS, NSLS). Results from both transmission and
fluorescence measurements are shown for com-
parison for x = 0.04. Crosses are displaced in x for
clarity. Bottom: weighted averages of Sr-O(2) and
La-O(2) distances as a function of x and their com-
parison with the results of crystallography.
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This indicates that Sr dopants may play a more signif-
icant role in determining normal and superconducting
properties of La2-xSrxCuO4 than typically assumed.
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